In pulmonary circulation, small muscular resistance arteries are known to have different receptor properties and sensitivity to neurotransmitters from those of large elastic conduit 
Introduction
One of the most prominent characteristics of pulmonary circulation which is distinct from the systemic circulation is the response to hypoxia. When O2 tension in the alveoli is reduced below a certain level, these alveoli unsuitable for ventilation tend to take less blood due to a vasoconstriction of pulmonary arteries, named as hypoxic pulmonary vasoconstriction.
Although this mechanism is potentially very important, there are many different views includ ing the sites where hypoxic vasoconstriction occurs (Voelkel, 1986 ; Cutaia and Rounds, 1990 ; Weir and Archer, 1995) .
In systemic circulation, the properties of arteries depend on their diameter (Frencz, 1969 ; Bevan and Bevan, 1988) . Many investigations showed that properties of small resistance artery in respect to receptors, resting basal tone and sensitivity to neurotransmitters are different from those of large elastic conduit artery (Leher and Bevan, 1985 ; Bevan and Bevan, 1988 ). Similar observations have been reported for pulmonary circulation, showing that small muscular resistance arteries have different receptor property and sensitivity to adrenergic or non-adrenergic neurotransmitters when compared with large elastic conduit arteries (Leher and Bevan, 1985 ; Leach et al., 1989 ; Leach et al., 1992) . It has been also noticed that changes of pulmonary pressure observed in whole-lung perfusion experiments and in vivo experiments showed different response profile compared with contractile properties of large conduit artery (Glazier and Murray, 1971 ; Voelkel, 1986 ; Leach et al. 1992) . Since small resistance artery plays a major role in determining pulmonary resistance, they claimed that previous results with large arteries cannot be extrapolated to the contractile response of pulmonary circulation. It is, however, not yet certain whether the different properties are primarily due to the diameter and/or the location of arteries. Moreover, in case of large pulmonary arteries there are many contradictory reports even in the same animal (Yuan et al., 1990 ; Bennie et al., 1991) . These discrepancies may derive from the uncertainty of the location of the large pulmonary arteries where experimenters isolated, especially in the tiny animal such as rat. Therefore, it seems to be essential to do the experiment investigating the differences between arteries depending on diameter and/or locations.
In the present study, we compared the contractile responses to various pharmacological substances in pulmonary arteries of the rabbit from different locations and different sizes : isolated too. Fat and adhering connective tissues were removed and clean arterial tissues were cut into rings of 2-3 mm long. It was described in detail in Park et al., (1995) and in Park and Earm (1994) .
small amount of dimethylsulfoxide (DMSO). The same amount of DMSO has no effect on the tone of pulmonary artery. All solutions were aerated with 100% 02. All chemicals were obtained from Sigma Chemical Co.
Experimental protocol : Each vessel segment was mounted in a tissue bath by gently for large artery). Once anchored, a second steel rod of the same dimension, but connected to a force transducer (Glass model FT 03), was introduced into the lumen by micromanipulator (MM-3, Narishige Scientific Instrument, Japan). Basal tension of both intralobar and extralobar pulmonary arterial rings was maintained at the transmural pressure equivalent to 20-30 mmHg calculated on the basis of the Laplaces equation (Mulvany and Halpern, 1976) . In the small pulmonary arterial ring, resting tension was maintained at the calculated equivalent transmural pressure of 10-20 mmHg. 
Discussion
In hypoxia pulmonary arteries constrict whereas systemic arteries dilate . The hypoxic pulmonary vasoconstriction serves to maintain the ventilation/perfusion ratio (Voelkel, 1986 ; Cutaia and Rounds, 1990 ; Weir and Archer, 1995) . Even though the mechanism is very important in maintaining blood oxygen level, there are too many uncertainties including the reactive site of the arteries to hypoxia in terms of their diameter.
Small pulmonary artery has been reported to be an active site in response to hypoxia (Kato and Staub, 1966 ; Shirai et al ., 1986) , however, there have been the opposite reports about the large pulmonary arteries . Yuan et al. (1990) and Bennie et al.,(1991) reported that large pulmonary artery was able to contract in response to hypoxia but others are still skeptical (Bonnet et al., 1991 ; Jeremy and Robertson, 1995) . Moreover, in the case of the large arteries the effect of the location within lung was not considered in the previous experiments.
Traditionally, blood vessels are characterized by the size of lumen , thickness of the wall, and composition of the various cell types (endothelial lining, elastin fibers, collagen fibers and smooth muscle cells) from the histological point of view, and they are classified into elastic , muscular, and transitional arteries (Burton, 1972 ; Sasaki et al., 1995) . There are, therefore , many reports to describe the functional differences between large elastic and small muscular resistance arteries (Majesky et al., 1992 ; Archer, 1996 ; Archer et al ., 1996) . However, although the differences between both of them were reported (Leher and Bevan, 1985 ; Leach et al. 1989 ; Leach et al. 1992) , the boundary between small muscular and large pulmonary artery in terms of functional properties are not clear especially in the pulmonary circulation .
In the large pulmonary arteries, some vessels are not surrounded by lung tissues , but this is not considered yet.
In this study, we compared the contractile responses to various agonists between extralobar and intralobar pulmonary artery including small resistance artery. KCl produced marked contraction in ELPA and ILPA including SPA. Adrenergic agonists produced marked contraction in ELPA whereas they did not elicit contraction in ILPA and SPA. The contrac tile responses to histamine were much larger in ILPA and SPA than in ELPA. There were no differences between those in ILPA and SPA (p > 0.05). Histamine is well known as a vasodilator in the rat pulmonary circulation (Barer et al., 1978 ; Chand and Altura, 1980) . However, in the rabbit, it produces a contraction in the pulmonary artery. It produces a much larger response in the intralobar arteries (Fig. 6 ). This result might suggest species difference in the expression of the different receptors. Alternatively, the experimental condition in the previous study (Barer et al., 1978) was different from that in the present study. Serotonin elicited contraction mainly in ELPA. ILPA whose diameter was similar to the ELPA showed only slight response to serotonin. SPA did not contract even at high dose (10-4 M) of serotonin .
It is well known that histamine and serotonin receptors are present at the endothelium and smooth muscle cells (Furchgott and Vanhoutte, 1989 ; Babe and Serafin, 1996) . In this study, we did not differentiate whether these different responses between ELPA and ILPA resulted from the endothelial differences or smooth muscle cell differences. However, since serotonin and histamine may induce vasorelaxation if they act via endothelium (Furchgott and Van houtte, 1989 ; Saxena and Villalon, 1990 ; Babe and Serafin, 1996) From these results, we could conclude that the location is more important than the diameter itself in determining the characteristic contractile properties of pulmonary arteries.
One of the advantages of this finding is a suggestion of the possibility that large intralobar arteries can be used for investigating the contractile responses of pulmonary circulation.
Moreover, the previous discrepancies where the responses of the large pulmonary arteries to hypoxia were different depending on the authors (Kato and Staub, 1966 ; Shirai et al., 1986 ; Yuan et al., 1990 ; Benni et al., 1991 ; Bonnet et al., 1991 ; Jeremy and Robertson, 1995) might be, partly, explained by the problems of the choosing arteries within the lung. In the physiolog ical aspect, it seems reasonable that all vessels within the lobes have similar characteristics, in order to act as a one-functional syncytium.
Recent observations indicated that cell-to-cell and segment-to-segment variation occurred in the morphology and function of pulmonary vascular smooth muscle cells. This diversity includes differences in cell phenotype and in expression of cytoskeletal proteins as well as heterogeneity of the number and types of potassium channels (Frid et al., 1994 ; Neylon et al., 1994 ; Albarwani et al., 1995 ; Haworth, 1995 ; Wohrley et al., 1995 ; Archer et al., 1996) . Neylon et al., (1994) identified two cell types, such as elongated-bipolar and epithelial-like cells, in cultures of normal adult rat aortic smooth muscle. Frid et al., (1994) demonstrated that there are four type of arterial cells in the conduit pulmonary artery, based on immunologic and morphologic criteria and cell location within the media. An additional finding is that in the early fetus the pulmonary arterial smooth muscle cell was homogeneous, which means fetal pulmonary arterial smooth muscle cells are consisted of a single cell type, however, mature cells were consisted of four different cell types. These results suggest that there are diversities of cell function, allowing localized responses to vasodilators, vasoconstrictors, and proliferative stimuli, even in the arteries in the same organ. However, it is not yet known whether a particular segment of pulmonary arteries is consisted mainly of a specific cell type and has a specific function. It should be further investigated as a next step whether the functional difference between intralobar and extralobar arteries shown in the present study correlates with histological difference of cell types.
